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ABSTRACT
Heterocyclic synthesis has emerged as powerful technique for
generating new molecules useful for drug discovery.
Heterocyclic compounds provide scaffolds on which
pharmacophores can arrange to yield potent and selective
drugs. A number of different synthetic approaches have been
applied to synthesize naphthofuran moieties. We have
attempted to synthesize various naphthofurans using a
cascade reaction route. Three novel derivatives of
naphthofuran were synthesized, characterized and tested for

their potential antibacterial activity.
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INTRODUCTION:

Heterocyclic synthesis has emerged as powerful technique for generating new molecules useful
for drug discovery’. Heterocyclic compounds provide scaffolds on which pharmacophores can
arrange to yield potent and selective drugs®.Naphthofurans, in particular, possess a broad range of
biological activities that are constituents of important natural products®™. These plant extracts are
being used for traditional medicines®®, and some of them for example mansonone DY,
Dunnione'etc. are also vital biologically active agents. Naphthofurans fused or coupled with
nitrogen heterocycles do not occur in nature. A number of different synthetic approaches have
been applied to synthesize naphthofuran moieties**™®. An interesting work on the synthesis of the
naphthofuran moiety has been done by Wang et. al. They have used the approach of cascade
reactions to synthesize naphthofurans.

Cascade reactions have emerged as a powerful tool to create complex molecular structures from
simple starting materials. Cascade reaction approach, unlike the traditional step-wise bond
formation approach, enhances greatly the synthetic efficiency, while generating less waste and
minimizing the problems of handling chemicals.

We used different benzaldehydes for the reaction to synthesize different naphthofurans for the
study of their antibacterial activity. We also changed the catalyst for the reaction, viz.
triethylamine and carried out the reaction to study the effect of the catalyst on the cascade
reaction.

MATERIALS AND METHODS:

Materials : Chemicals used were of a laboratory grade. The reactions were monitored by TLC on
aluminium-backed silica plate visualized by UV-light.

Methods:General Procedure for synthesizing compounds (1) to (3) were summarized below.

To a solution of benzaldehyde (2 mmol), and ethyl propionate (3 mmol) in
dichloromethane (10 ml) was added drop wise a solution of (1.5 mmol) triethylamine (TEA) in 5
ml dichloromethane under nitrogen atomosphere at -40°C. The reaction mixture was stirred for 2-
8 hours and constantly monitored by TLC using a solution of 10% ethyl acetate in hexane. The
reaction mass was then quenched with 1.5 ml of 1N HCI solution at -40°C and then brought to the
room temperature.

Workup:
The solution was washed with brine and dried over anhydrous sodium sulphate and concentrated
under reduced pressure. The residue was purified by column chromatography on silica gel with

increase in concentration of ethyl acetate in petroleum ether to afford a pure product.

67 Full Text Available On www.ijipls.com



International Standard Serial Number (ISSN): 2249-6807

RESULTS AND DISCUSSION:
Reaction Scheme:

CHO DCM,
TEA,
- 40°C,

5 + 3 %\ 3 hrs.

COOEt
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Using the cascade reaction shown above,we were able to synthesize and characterize the
following different naphthofurans using their corresponding benzaldehydes along with ethyl
propiolate.

Example 1 :diethyl (2S,3R,9S)-4-[(E)-3-ethoxy-3-0xo-prop-1-enoxy]-2-phenyl-2,3,9,9a

tetrahydrobenzo[f]benzofuran-3,9-dicarboxylate

COOEt

WY
(e} w
a

Y
~
7,

/COOEt

EtOOC/k/O
Off white solid: Molecular Formula Cp9H30s; Melting Range 128 — 130°C; *H NMR (400 MHz,
CDCl3)dppm :-0.83 (t, J = 7.1 Hz, 3H), 1.22 (t, J = 7.1 Hz, 3H), 1.3 (t, J = 7.1 Hz, 3H), 3.71 (m,
2H), 4.04 (m, 2H), 4.12 (m, 2H), 4.39 (m, 2H), 5.44 (d, J = 12.4 Hz, 1H), 5.57 (d, J= 6.2
Hz, 1H), 5.78 (dd, J1= 1.2, J2= 13.3 Hz, 1H), 7.13 (m, 1H), 7.28 (m, 6H), 7.36 (d, J=
7.3 Hz, 2H), 7.60 (d, J = 12.4 Hz, 1H);"*C NMR (100 MHz, CDCl3)8,om :- 13.8, 14.48, 14.54,
52.1, 52.6, 60.4, 61.3, 61.7, 80.9, 85.1, 101.6, 123.1, 125.1, 126.4, 126.9, 128.3, 128.4, 129.3,
129.7, 131.9, 137.4, 142.4, 159.5, 166.8, 168.8, 172.3 ; IR(KBr) cm 1. 2981, 2938, 1739, 1719,
1642, 1452, 1373, 1321, 1275, 1189, 1119, 1035, 962, 747,702, 594; TOFMS ES : 529 (M + Na);
Elemental Analysis, Requires C 68.76 % H 5.97 % O 25.27 % Found C 68.78 % H 5.99 % O
25.23 %.

Example 2 : diethyl (2S,3R,9S)-7-chloro-2-(4-chlorophenyl)-4-[(E)-3-ethoxy-3-0xo-prop-1-
enoxy]-2,3,9,9a-tetrahydrobenzo[f]benzofuran-3,9-dicarboxylate
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Pale yellow solid; Molecular Formula CagH2C120g; Melting Range 136 — 138°C; *H NMR (400
MHz, CDCl3)8ppm :-0.87 (t, J = 7.1 Hz, 3H), 1.25 (t, J = 7.1 Hz, 3H), 1.33 (t, J = 7.1 Hz, 3H), 3.74
(m, 2H), 4.07 (M, 2H), 4.15 (m, 2H), 4.42 (m, 2H), 5.48 (d, J = 12.4 Hz, 1H), 5.60 (d, J = 6.2 Hz,
1H), 5.80 (dd, J1= 1.2, J2= 13.3 Hz, 1H), 7.15 (m, 1H), 7.3- 7.8 (m, 4H, ArH), 7.36 (d, J =7.3 Hz,
2H), 7.60 (d, J = 12.4 Hz, 1H); TOFMS ES : 597 (M + Na); Elemental Analysis, Requires C
60.53 % H 4.90 % O 22.24 %Cl 12.32 % Found C 60.57 % H 4.94 % O 22.27 %.

Example 3 : diethyl (2S,3R,9S)-5-chloro-2-(2-chlorophenyl)-4-[(E)-3-ethoxy-3-0xo-prop-1-
enoxy]-2,3,9,9a-tetrahydrobenzo[f]benzofuran-3,9-dicarboxylate

0y
Lot

EtOOCT

Off white solid: Molecular Formula Cy9H»sC,Og; Melting Range 140 — 142°C: 'H NMR (400
MHz, CDCl3)dppm :-0.90 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H), 1.35 (t, J = 7.1 Hz, 3H), 3.74
(m, 2H), 4.10 (m, 2H), 4.16 (m, 2H), 4.45 (m, 2H), 5.50 (d, J = 12.4 Hz, 1H), 5.62 (d, J = 6.2 Hz,
1H), 5.82 (dd, J1 = 1.2, J2= 13.3 Hz, 1H), 7.22 (m, 1H), 7.2 - 7.7 (m, 4H, ArH), 7.40 (d, J = 7.3
Hz, 2H), 7.60 (d, J = 12.4 Hz, 1H); TOFMS ES : 597 (M + Na); Elemental Analysis, Requires C
60.53 % H 4.90 % O 22.24 % CI 12.32 % Found C 60.56 % H 4.94 % O 22.28 %.
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We attempted the synthesis of the naphthofurans moieties using the following benzaldehydes and catalysts.

Name of Benzaldehyde Time of Reaction Catalyst Used Yield

(1) Benzyaldehyde 3h Triethylamine 32%
(2) 2-Chloro benzaldehyde 2h Triethylamine 21%
(3) 4-Chloro benzaldehyde 2h Triethylamine 27%

As seen from the above table, we also tried changing the catalyst for the reaction from
Triethylamine to diethylamine, aniline and di-isopropylethylamine. We found that the reaction did
not proceed in case of diethylamine and aniline. Thus we could conclude that the reaction only
proceeds in the presence of a tertiary amine. Additionally, we also attempted the synthesis of
thenaphthofurans using 4-hydroxy and 3-hydroxy benzaldehydes, but the reaction did not taken
place. On the other hand, the chlorobenzaldehydes did give a product but in low yield and thus
believe that the phenolic hydroxyl group on the benzaldehyde was unfavourable for the reaction.
EXPERIMENTAL :

Melting points were determined on a Thomas Hoover capillary melting point apparatus using
digital thermometer. "H NMR spectra were recorded on a Varian 400 MHz spectrometer in
CDCl3. Chemical shifts were recorded in parts per million down field from tetramethylsilane.
Mass spectra were recorded on a TOF MS ES mass spectrometer. Elemental analysis were carried
out as a percentage on a Thermo finnigan, Flash EA 1112 series, Italy.

CHROMATOGRAPHIC SYSTEM :

Column chromatography : For column chromatography 100 — 200 mesh Acme grade silica gel is
used. The crude reaction mixture is concentrated under reduced pressure to yield crude mass
which is preadsorbed on silica gel and purified by column chromatography with increase in
concentration of Ethyl acetate in Hexane. The fractions having similar ‘R¢” values were pooled
together,concentrated and subjected for characterization using various spectroscopic techniques.
Thin layer chromatography : TLC plates were prepared using silica gel G (ACME, BOMBAY).
Hexane :EtOAc (90 : 10) was used as the solvent system.

Radial chromatography : The circular glass plates of thickness 1 mm, were prepared by using
silica gel (PF254, E. MERCK, 50 g) in cold distilled water (105 ml). For elution, gradually
increasing concentrations of EtOAC in pet ether were employed.

BIOLOGICAL ACTIVITY :

Antibacterial Activity using ditch plate method*’ :-

The synthesized molecules were screened for their antibacterial activity at 100 pg/ml

concentration using ditch platemethod against Gram positive (Staphylococcus aureus,
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Corynebacteriumdiphtheriae) and Gram negative (Escherichia coli, Klebsiella pneumonia,
Salmonella typhi) bacterial species qualitatively. The results of the antibacterial activities are
summarized in Table 1.

Theory: Ditch plate method is the method of chosen to test the anti-bacterial  activity of
compounds. Itis a preliminary method to screen the anti-microbial potential of compounds /
drugs, which are insoluble or partially soluble in aqueous phase. In this method, the test
compound is seeded in an agar plate and the test organisms are streaked across to test the
inhibition of the growth as a marker of anti-microbial activity.

PROCEDURE: A ditch (10mm x 70mm) is cut into sterile MH agar plate. The test drug /
compound is added to 5 ml molten MH agar butt at 40°C and this mixture is poured into the
ditch and allowed to solidify. The ditch should be made in level with the rest of the agar by
pouring the mixture . The different bacterial cultures are streaked perpendicular to the ditch
using nichrome wire loop. The plate is then incubated at 37° C for 24 hours.The results are
observed as inhibition of bacterial growth on the ditch as well as adjacent to the ditch.
Table 1: Antibacterial Activity Results

SAMPLE NO. ACTIVE AGAINST

1 Corynebacteriumdiphtheriae [Gram positive]

Klebsiellapneumoniae [Gram negative]

2 Staphylococcus aureus[Gram positive]
Salmonella typhi[Gram negative]
Klebsiellapneumoniae [Gram negative]
Corynebacteriumdiphtheriae [Gram positive]
Escherichia coli [Gram negative]

3 Staphylococcus aureus[Gram positive]
Salmonella typhi[Gram negative]
Klebsiellapneumoniae [Gram negative]
Corynebacteriumdiphtheriae [Gram positive]

Escherichia coli [Gram negative]

The above results shows that the molecules (1), (2) and (3) has antibacterial activity against both
the bacterial cultures. Thus, simple aryl (1) and especially halo aryl (Compound 2 and 3)
werepotential antibacterial candidates.

CONCLUSION: The three novel derivatives of naphthafuranwere synthesized using Cascade
approach possessing potential Antibacterial activity. In depth analysis of these compounds
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through structure activity relationship studies would provide further insight and can be an

interesting topic of future studies. The structural diversity and the pronounced biological activities

encountered in the naphthofuranderivatives suggests that this class of compounds is worthy for

further studies that may lead to derivatives by using combinatorial chemistry approach is an

alternative strategy to new therapeutic discovery. In other words the generation of diverse

naphthofuranderivatives develop new therapeutic molecules that might result in candidates having

better activity.
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